In a paper published in the Transactions of this Society for Session 1877-78, I described an experiment which showed, that if a moderately strong current, such as that from four or five BUNSEN cells, be led through two jam-pots filled with fragments of carbon, and if any sound be uttered strongly in the one jampot it will be reproduced distinctly, although faintly, in the other. In this experiment it has been found that the fragments of carbon may be replaced by any kind of loose contact, such as microphones, or a handful of screw-nails put into each jam-pot, or vibrating springs beating against metallic stops, or nails laid across each other in log-hut fashion, and that in each case an effect similar in kind, although it may be differing greatly in degree, is produced. Hence it may be almost laid down as a general experimental result, that if an electric circuit conveying a tolerably strong current contain two places of loose contact, A and B, and if any sound be produced loud enough at A a similar sound will be heard proceeding from B.
To all appearance this phenomenon can only arise from the altered resistance produced at A by the sound waves, and it becomes a problem to explain how this altered resistance at A so affects the materials in contact at B as to make them give forth waves which convey a similar sound to the ear. No satisfactory solution of this problem has as yet been given, and it was in hopes of getting some information on the subject that I made the following experiments. Experiment 1.-Four strong BUNSEN cells were included in the circuit, and the loose contacts A and B placed in different rooms, so that the sound uttered at A could not be directly heard at B. (Throughout we shall understand by A the sending, and B the receiving station.) In order to make the alteration of resistance at A as great as possible, an actual make-and-break was there inserted. A toothed wheel driven round against a spring or any one of the ordinary loudsounding automatic kinds would do; but what served my purpose best in this experiment was made in the following way:-One of the terminal wires of the circuit was firmly attached to a tin can and the other to a common round file. A hole was then pierced through the bottom of the can at its centre, and the file driven backwards and forwards in the hole as if for the purpose of making it larger. At the receiving end B a precisely similar can and file were used, and the file allowed to rest lightly in the hole. Every to-and-fro rasp of the file VOL. XXIX. PART I. 4 C at A was then distinctly heard at B, even when the can was at some distance from the ear. The same sound was heard when the file at A was laid against any part of the can, but most loudly when it happened to be against a corner or other sharp edge. It was remarkable also, that the sound was heard distinctly even when the file did not touch the can at all, but was merely laid against the wire attached to it, so as to complete the electric circuit without including the can in it. It would seem from this that some mechanical tremor is set up at the loose contact of the file with the wire which is transmitted along the wire to the can. As a variety of this experiment, I removed the can from the wire, and substituted in its place a poker, having the circuit wire firmly attached to its point. When the other end of the poker was put to the ear, and the file applied to the poker at any point, the sound of the distant rasping was distinctly heard. The same was the case when a long brass tube was substituted for the poker, all which very strongly suggests the idea of a mechanical tremor transmitted through the metal from the point of loose contact. Experiment 2.-In this experiment a common automatic make-and-break, consisting of a vibrating spring worked by a small electro-magnet, was introduced into the circuit at A, and a similar spring, only without the electro-magnet, at B. At B the sound of the vibrations of the springs at A was so distinctly heard, as to at once suggest the idea that the spring at B was itself vibrating. However, I was unable to detect any such vibration, either with the aid of a microscope, or by attaching a small polished bead to the spring and observing in it the reflection of a light. Still it would be rash, I think, to assert that such vibrations were not present, and it is possible that, by more refined experimental means, they may yet be made manifest. It was very noticeable in this experiment that the sound at B got less and less loud as the pressure on the vibrating spring was increased, until it ceased altogether when the contact was made perfectly tight.
Experiment 3.-The sound from the poker in Experiment 1 was so like that produced by the TREVELYAN rocker, that it immediately suggested the employment of that apparatus as the loose contact at B. For this purpose the current was led through the lead block, the rocker, and a brass plate, on which the ball at the end of the rocker rested. When this was done, and the makeand-break set agoing at A, a distinct sound was heard at B, suggesting very strongly the idea that the rocker was in actual vibratory motion. To test this in some measure, I heated the rocker and laid it on the lead block, when two sounds were distinctly heard, one due to the make-and-break, and the other to the heat effect. The one did not seem in the least to interfere with the other. Still farther to test the idea of actual vibration, it occurred to me to try if one rocker could not be made to act as the make-and-break to agitate the other. For this purpose two precisely similar rockers were taken, consisting of two long flat files. These were put edgewise on the lead blocks, with their tails resting on the edges of three-cornered files. The current was sent through the rockers by means of these lead blocks and three-cornered files. One of these rockers was placed at A along with the automatic make-and-break, while the other was placed at B. An arrangement was provided whereby the make-andbreak could be at any moment shunted out of the circuit without interrupting the current. The make-and-break was then started, and having ascertained that the rockers at A and B were both sounding, the make-and-break was shunted off in hopes of hearing A and B still continuing to sound from the one acting as make-and-break to the other. These hopes, however, were doomed to disappointment, as, after many trials, I failed to hear any sound after the shunt was made.
Experiment 4.-Being still not satisfied that there was not an actual vibration at B in these experiments, I determined to test for it in another way. This time I took a tin can and riveted into the centre of its bottom a pointed piece of steel wire. The can was fixed to a wooden board, and an arrangement made whereby another pointed piece of steel wire could be moved up opposite to the former piece, and as close to it as might be desired. The current was now led through the can and these pieces of steel, and the make-and-break started as usual, when very minute to-and-fro vibrations of the can were observable, especially when the steel points were not pressing hard against each other but loosely in contact, so that little sparks could be seen between them. To make perfectly certain of this observation, I hope to repeat the experiment with still greater care.
From this experiment, notwithstanding the negative evidence of the others, it seems not unlikely that when a strong interrupted current is sent through a circuit where there is a loose contact, more or less of an actual separation of the surfaces there takes place, so as to make something of a make-and-break similar to the original make-and-break which causes the interrupted current. Should this suggestion be established, it will follow that it is something of the same kind, but only differing in degree, which sends the undulatory currents which transmit musical sounds and articulate speech from any form of microphone transmitter to a similar form of microphone receiver.
As to the cause or causes of this separation of the surface at the loose contact B, or of whatever agitation, else it may be which gives forth the sound, it is impossible in the present state of knowledge to speak with confidence. I am inclined, however, to look for one cause at least in that produced by the current at the loose contact. There the resistance and, in consequence, the rise of temperature produced by the current is greatest, and an effect similar to the TREVELYAN rocker will be set up, although immensely smaller in amount.
Experiment 5.-This experiment has reference to the sounds heard in a telephone by means of a microphone transmitter. It is well known that these can be heard with a very weak battery in the circuit, and even with no battery at all, provided the points of the microphone carbon be a little moist. I find that sounds can be heard in the telephone without a battery, and with the carbons apparently quite dry, if we rub the carbons hard together. This rubbing is distinctly heard, and it seems that it must arise in part at least from thermoelectric currents produced by the friction. That such are produced is readily shown by attaching two wires to the terminals of a THOMSON'S reflecting galvanometer, and to the ends of these wires any two conducting substances. When these substances are rubbed against each other the movements of the spot of light clearly indicate the production of currents. I have roughly tested these currents, and find that they are stronger in proportion as the metals rubbed are wider apart on the theremo-electric scale; but I have found no two substances, even of the same kind, which do not give them slightly. It is just possible, however, that such currents may not be wholly thermo-electric, but that some may be due, as I mentioned in a recent paper to the Society, to the currents suggested by Sir WILLIAM THOMSON as the cause of friction.
